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DESCRIPTION 

LIQUID CRYSTAL DISPLAYS 

This Invention relates to active matrix liquid crystal displays, and 
particularly to the transistor substrate, known as the active plate, used in the 
nnanufacture of such a display. 

A liquid crystal display typically comprises an active plate and a passive 
plate between which liquid crystal material is sandwiched. The active plate 
comprises an an-ay of transistor switching devices, typically with one transistor 
associated with each pixel of the display. Each pixel is also associated with a 
pixel electrode on the active plate to which a signal is applied for controlling the 
brightness of the Individual pixel. 

Fig. 1 shows a typical view of the transmissive areas of an AMLCD. The 
basic pixels are square but divided into three vertical sub-pixels 10 coloured red 
10a. green 10b and blue 10c. To increase the optical aperture (i.e. increase the 
area over which a modulated light output is provided), it is necessary to 
decrease the width of the black lines, H and W. Due to the 3:1 height to width 
ratio of the sub-pixels, decreasing the column width W by an amount (for 
example one micron) will increase the optical aperture by three times as much 
as a corresponding decrease in the row width H. 

A large area of the active plate is at least partially transparent, and this is 
required because the display is typically illuminated by a backlight. 'Mainly, the 
areas covered by the opaque row and column conductors are the only opaque 
parts of the plate. If the pixel electrode does not cover the transparent area, 
then there will be an area of liquid crystal material not modulated by the pixel 
electrode but which does receive light from the backlight. This reduces the 
contrast ratio and blackness of the display. • 

Figure 2 shows an arrangement in which the pixel electrodes 12 are 
provided between the column conductors 14, so that there is a gap 16 between 
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the pixels and columns on the active plate through which unmodulated light 18 
can pass. Regions 20 of the LC layer are shielded by the columns 14 whemas 
regions 22 are modulated by the pixel electrodes 12. This is a so^alled 
standard- display, in such a display, a black mask layer is typically pn^vided 
^ or sh,eld,ng these a,eas of the active plate, and additionally to shield the 
fransistors as their operating characteristics are light-dependent 
. Convent,onally, the black mask layer is located on the passive plate of the 
actn,e matrix cell. Plate to plate alignment during ceil manufacture is lass 
accurate than layer to layer alignment on a substrate. This means that the black 
mask must be comparatively large to ensure that it blocks stray light at the edge 
Of p«eis. Figure 3 shows a cell with a black mask 24 on the passive plate and 
he required overlap is shown as 28. The ,^dth of the columns of black mask 
layer 24 define the width W in Figure 1 . ' 

This overiap reduces the aperture of the display pixels, which reduces 
the power efficiency of the display. This is particulariy undesirable for battery- • 
operated devices, such as portable products. 

Figure 4 shows the electrical components which make up the sub pixels 
Shown in.Flgure 1. A raw conductor 30 is connected to the gate of a TFT 32 

ol d r™ f " ^""^ *° -"'^ "^"'^ -ateriai 

provded over the pixel .effectK,ely defines a liquid cysta, ceil 36 which extends 

between the drain of the transistor 32 and a common ground plane 38 The 
ground Plane 38 is defined by the passive plate and the other tem,inal of the LC 
ceil ,s defined by the pixel electrodes 12. A pixel storage capacitor 40 is 
connected between the drain o, the transistor 32 and the row conductor 
associated with an adjacent r^ow of pixels or else to a separWe line 41 

It has been proposed to use layers of the active plate to p,.,vide the 
required masking function. For example, one proposal is to define the pixel 
electrodes 12 to overiap the row and column conductors 30,34, so that there is 
ho gap between the row and column conductor, and the pixel electrodes, which 
would otherwise need to be shielded. This ^ults in a high aperture pixel, and 
IS called a Field Shielded Pixel (FSP) design. 
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Figure 5 shows a cross-section through the TFT of a FSP panel and 
Figure 6 shows the cross-section through a column. 

The pixel electrode 50 overtaps the row conductor as shown In Figure 5 
and overtaps the column conductor 34 as sho«. In Figure 6. The row and 
5 column conductors blocK the passage of light as shown schematically in Figu^ 
6. The p«el electrode Is provided over a polymer layer 54 and contacts the 
dra,n 52 of the TFT 32 through a via 56 in the polymer layer 54 

The main functonal requirements on the polymer layer are that it should 

Should?""^ ""'"^ ^ '™ -"-"-nee. It 

sho^d a so have good planarisation properties to romove steps over the edges 
Of he column that could cause disCinaflon lines In the LC cell. Typically a layer 
Of benzocyciobutene (BCB) more than one micron thic. is used due to its high 

and nrir ^""^ " ' *° "^^"^ °' "'S^ material 

and processing costs. I, is possible to purchase photodeflnable BCB but it 

oannot be used for this appllcaton because it does no. have high 'optic^ 

^nsparency. This means etch masking iaye. must be used during fabrtca^ 

also etc es photoresist. This limits the thictoess of BCB to about 1. micron If a 
comb,nat,on o, metal and photoresist layer, is used to pattern the BCB «,e!^ 
becomes ve^, expensive due to the extra processing equipment and processing 

According to the Invention, there Is provided a method of fom,ing an ■ 
active plate for a liquid crystal display, comprising- 

depositing and pattering a substantially transparent conductor layer to 

defining row conductors and connected gate conductor portions over 
different aroas of the insulating substrate to the pixel electrodes; 
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depositing and patterning thin film transistor layers over the gate 
conductor portions to form transistor bodies, the thin film transistor layere 
comprising at least a gate insulator and a semiconductor layen 

forming an insulating layer arranged as a plurality of columns, each 
insulating layer column , overlapping the pixel electrodes of two adjacent 
columns of pixels; and 

fonming an. opaque conductor layer over the substrate and patteming the 
opaque conductor layer to. define column conductors on top of the insulating 
layer, and source and drain electrodes for the transistor on top of the thin film 
transistor layers, one of which is connected to a column conductor and the other 
of which is connected to an associated pixel electrode. 

In this method, an insulating layer is defined, beneath the column 
conductors, so that it lies between the crossing row and column conductors. In 
addition, the columns of Insulating layer overlap adjacent pairs of pixel 
electrodes, so that the column conductors can overlap the pixel electrodes 
thereby increasing the pixel aperture. The transparent pixfel electrodes are' 
however, the first layer to be deposited, this gives advantages in process 
simplification and con-esponding cost reduction for manufacture of high quality 
active matrix LCD (AMLCD) displays. The invention provides an efficient, low 
cost way of decreasing the width W shown In Figure 1 . 

The thin film transistor layers of each transistor body may also overlap an 
adjacent pixel electrode. In this way. the transistor layer also lie beneath the 
column conductors and provide additional separation between the row and 
column conductors. In particular, the gate insulator layer provides additional 
capacitive separation. 

The insulating layer preferably comprises a polymer for example a photo- 
acrylic polymer, and acts as a field shield layer. 

Defining the an-ay of pixel electrodes and the row conductors can be 
performed with a first, single-mask process. Fomiing the transistor bodies and 
the insulating layer can be performed with a second, single-mask process 
Forming the column conductors and source and drain electrodes can be 
perfomied with a third, single-mask process. Thus, a three-mask process can 
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be used for manufacture of the display. Each single mask process may use a 
half-tone photo-mask. 

The invention also provides an active matrix liquid crystal display device, 
comprising an active plate and a passive plate with liquid crystal sandwiched 
between, wherein the active plate comprises: 

an insulating substrate; 

an array .of rows and columns of pixel electrodes and an an-ay of row 
conductors, occupying different areas over the over the substrate, the pixel 
electrodes being substantially transparent and the row conductors having gate 
conductor portions; 

thin film transistor layers over the gate conductor portions to define 
transistor bodies, . 

an insulating layer arranged as a plurality of columns, each insulating 
layer column overiapping the pixel electrodes of two adjacent columns of pixels; 

opaque column conductors provided on top of the Insulating layer; and 

source and drain electrodes for the transistor on top of the thin film 
transistor layers one of which Is connected to a column conductor and the other 
of which is connected to an associated pixel electrode. 

This device is fomied by the method of the invention, and has rows of 
insulator separating the column conductors from the row conductors and 
enabling the row conductors to overiap (and thereby completely fill the space 
between) adjacent columns of pixel electrodes. 

Again, the thin film transistor layers may define, in addition to the 
transistor bodies, columns which lie beneath the insulating layer. 

t 

An example of the invention will now be described in detail with reference 
to the accompanying drawings, in which: 

Figure 1 shows a plan view of a known colour AMLCD; 

Figure 2 shows a cross section through a known standard AMLCD; 

Figure 3 shows how a black mask layiBr is used to Improve the 
performance of the AMLCD of Figure 2; 

Figure 4 shows the electrical elements of each pixel; 
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Figure 5 shows a known Field Shielded Pixel design, in cross section 
. through the transistor; 

Figure 6 shows the known Field Shielded Pixel design, In cross section 
through the column; 

Figure 7 shows the active plate of the display of the invention, in cross 
section through the transistor; 

Figure 8 shows the active plate of the display of the inventipn. in cross 
section through the column; 

Figures 9A to 9D show the steps of producing the pixel electrodes and 
row conductors in the method of the invention; 

Figure 10 shows in plan view the structure resulting from the method of 
Figures 9A to 9D; 

Figures 11A to 11D show the steps of producing the transistor bodies 
and insulating layer in the method of the invention; 

Figure 12 shows in plan view the shape of the transistor layere and 
insulating layer deposited in the method steps of Figures 1 1 A to 1 1 D; 

Figure 13 shows in plan view the staicture resulting from the method of 
Figures 11A to 11 D; 

Figures 14A to 14E show the steps of producing the column conductors 
and source and .drain electrodes in the method of the invention; 

Figure 15 shows in plan view the shape of the column conductors and 
source and drain electrodes deposited in the method steps of Figures 14A to 
14D; and 

Figure 16 shows the complete device structure in plan view. 

Figures 7 and 8 show the active plate of the display of the invention, in 
cross section through the transistor (Figure 7) and in cross section through the 
column (Figure 8). The locations of the cross . sections can be seen In Figure 
16. • 

The active plate comprises an insulating substrate 60 over which the 
an-ay of pixel electrodes 12 is directly deposited. The array of row conductors 
30 is also provided directly over the substrate, and occupying different areas to 
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the pixel electrodes. The pixel electrodes are substantially transparent 
preferably formed from ITO. vvhereas the row conductors comprise the ITO 
layer 62 of the pixel electrodes and an additional layer 64 for increasing the 
conductivity and which renders the row conductors opaque. The row 
conductors 30 have portions defining gate conductors, as can be seen in Figure 

Thin .film transistor layers 66 are provided over the gate conductor to 
define transistor bodies 68. These layers comprise a silicon nitride gate 
insulator .70 an amorphous silicon layer 72 and an n-type doped silicon contact 
layer 74. These layers 66 not only define the transistor body but also extend to 
an adjacent pixel electrode (12a in Figure 7). In this example, the transistor 
layers also extend beneath the columns, as can be seen In Figure 8. 

A polymer insulating layer 76 is defined as a plurality of columns, each 
insulating layer column overiapping the pixel electrodes 12 of two adjacent 
columns of pixels, as shown in Figure 8. The opaque column conductors 34 are 
provided on top of the polymer insulating layer 76.. and the metal layer which 
defines the column conductors 34 also defines the source 82 and drain 84 
electrodes for the transistor 68 on top of the thin film transistor layers 66 One 
of the source and drain 82 Is connected to a column conductor 80 and the other 
84 is connected to an associated pixel electrode 12b. 

Without the polymer field shield layer 76. the capacitance between the 
pixel and columns 34 becomes too high. It is not possible to use the silicon 
nitnde gate insulator layer on its own because it has a dielectric constant of 6 4 
and an unreallstically thick layer would be needed to give sufficiently low 
capacitance. ' 

There are several advantages to this design of high optical aperture ratio 
array. The first Is that the polymer does not need to be transparent. This means 
that a large range of polymers can be used, including ones that are 
photodefinable. This can lead to lower cost and opens the way for shorter 
simpler manufacturing processes. The polymer layer also does not need to 
have such good planarisation properties because it does not cross over the 
edge of the. visible pixel. The combination of greater polymer choice and 
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simpler manufacturing processes leads to substantial cost savings in 
manufacturing. Several different polymers can be used, such as photodefinable 
polylmide or acrylic layers. 

The method of manufacturing the device shown in Figures 7 and 8 will 
now be described, with an additional capacitor electrode. A three mask process 
can be used as will be apparent from the following, in particular by using half- 
tone photo.-masks. Half-tone masks can be made with diffraction gratings or 
silicon rich silicon nitride as a grey mask. Both techniques reduce light 
throughput to produce areas in which the illumination intensity is intermediate 
between clear areas of the mask and areas covered with metal. In this way the 
half tone mask can be used to define areas where there is two different 
thicknesses of photopolymer, as well as areas in which the photopolymer Is 
totally removed. This can be used to reduce the total number of photomasks 
that are needed. 

In Figures 9. 1 1 and 14, the left column of cross sections are the cross 
sections through the TFT. corresponding to Figure 7. and the right column of 
cross sections are the cross sections through the column, corresponding to 
Figure 8. The thickness and widths of layers has been exaggerated or 
othenvise distorted in the Figures for the purposes of clarity. 

Each of Figures 9. 1 1 and 14 shows one of the three mask processes of 
the method of the invention. 

Figures 9A to 9D show the inittel steps of producing the pixei eiectrodes 
and row conductors. 

In Figure 9A. a sputter deposition technique is used to deposit an ITO 
layer 62 and a gate metal layer 64. A half-tone mask 81 is used to etch the 
metal and ITO. As shown, tha half tone mask is thicker over the portion of the 
layers 62. 64 to define the row conductors and gate conductor. In Figure 98 
oxygen plasma is used to etch away the thin layers of photoresist, only leaving 
Photoresist in the areas that originally had thick photoresist, namely the gate 
conductor regions 30. In Figure 9C. the gate metal Is etched away from the 
pixel electrode areas. Removal of the photoresist in Figure 9D leaves the ITO 
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pixel electrodes and the row cx)nductors 30 which are In the fonr, of a two layer 
ITO and gate metal stack. 

Figure 1 0 shows in plan view the structure resulting from the method of 
Figures 9A to 9D. As shown, an array of rows and columns of pixel electrodes 
. 12 are provided, with an array of row conductors 30. occupying spaces between 
the rows of pixel electrodes. The row conductors 30 have gate conductor 
portions 30b as well as row portions 30a. In this example, the row portion 3Qb 
has a wider portion 30c which acts as a capacitor terminal as will be apparent 
further below. 

The cross section arrows in Figure 10 show where the left and right 
columns of Figure 9 are viewed. 

Figures 11A to 11D show the steps of producing the transistor bodies 
and insulating layer in the method of the Invention. 

In Figure 11A plasma deposition is used to define the TFT stack 66 of 
silicon nitride (SIN) 70. amorphous silicon 72 and n-. doped amorphous silicon 
74. 

In Figure 118 a photopolymer 80. such as photo-acrylic, is pattemed to 
two levels corresponding to the desired shaped of the SIN gate insulator layer 
and the field shield Insulator shape. As explained above, the field shield 
insulator is.arranged as columns. and thus columns are.provided with thicker 
regions 80a of photopolymer. 

In Figure 11 C, the TFT stack Is plasma etched so that the TFT layers 66 
define columns as well as the TFT transistor body. 

In Figure 11D, the photo-polymer Is partially etched to leave only a 
pattern 76 where there had originally been a thick layer of polymer, namely over 
the columns. 

It Is noted that the width of the photopolymer 76 is in fact the same In the 
two cross sections of Figure 11D. but the Figures have been distorted for 
convenience. The columns are in fact of constant width. 

Figure 12 shows In plan view the shape of the transistor layers and 
insulating layer deposited In the method steps of Figures 1 1 A to 1 1 D. In Figure 
12. the photopolymer, which has formed the .insulating layer 76. Is shown 
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slightly narrower than the TFT layers 66 beneath. This is simply so that both 
can be seen, but in fact the left side has been etched to the same pattem and 
they will be aligned. The TFT area has also only been shown for the left column 
but in fact the pixel pattem will repeat. 

Figure 13 shows in. plan view the combined structure resulting from the 
method steps of Figures 9 and 11. 

Figures 14A to 14E show the steps of producing the column conductors 
and source and drain electrodes. 

In Figure 14A, a top metal layer 90 is deposited (sputtered) over the 
substrate and a half-tone mask 92 is used to define a photoresist layer to two 
thicknesses. The lower thickness 92a is for the TFT. where part of the n+ ' 
amorphous silicon layer is to be removed in the region of the gate of the TFT 

and the thicker part 92b is for the column conductors and source and drain 

contacts. 

In Figure 14B. the top metal 90 is etched to leave metal columns and 
source and drain contacts (but no gap over the gate yet). 

In Figure 14C, the photoresist layer Is thinned using an plasma, until 
the area above the gate Is exposed. 

In Figure 14D. the top metal Is etched again only in the TFT channel 
region. Plasma etching is then used to also removes the underlying n+ 
amorphous silicon layer, so that the n+ layer fomis only contact portions for the 
source and drain. 

In Figure 14E, the top photoresist layer 92 is removed. 

Figure 15 shows in plan view the shape of the column conductors and 
source and cirain electrodes deposited in the method steps of Figures 14A to 
14D. The exposed amorphous silicon transistor body 72 is also shown The 
top metal layer 90 is also pattemed to define a capacitor top contact 94. 

Figure 16 shows the complete device structure in plan view. The TFT 
can either be passlvated by a separate polymer or SIN layer, or the LC 
poiyimide alignment layer can be used. 

The invention can be applied to any high optical aperture transmissive 
TN AMLCD. 
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In the examples above, the polymer field shield layer 76 lies above the 
TFT stack (silicon nitride and amorphous silicon layers), but the TFT stack could 
be omitted from beneath the columns and the design will still work. The critical 
features needed for the polymer stack is that it has low enough capacitance to 
reduce cross-talk to an acceptable level. 

Only one specific example has been given above. It will be appreciated 
that the materials used to .fomi the various layers are -conventional The 
processing conditions as well as various optional additional layers to those 
shown in the specific example, will be apparent to those skilled in the art. 
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1. A method of fomiing an active plate for ' a liquid crystal display 
comprising: 

depositing and patteming a substantially transparent conductor layer to 
define an an-ay of pixel electrodes over an insulating substrate arranged in rows 
and columns; 

defining row conductors and connected gate conductor portions over 
different areas of the Insulating substrate to the pixel electrodes; 

^ depositing and patteming thin film transistor layers ' over the gate 
conductor portions to form transistor bodies, the thin film transistor layers 
compnsmg at least a gate insulator and a semiconductor layer; 

forming an insulating layer arranged as a plurality of columns, each 
msulafng layer column overiapping the pixel electrodes of two adjacent 
columns of pixels; and 

fomiing an opaque conductor layer over the substrate and patteming the 
opaque conductor layer to define column conducto.^ on top of the insulating 
layer, and source and drain electrodes for the transistor on top of the thin film 
transistor layers, one of which is connected to a column conductor and the other 
of which IS connected to an associated pixel electrode, 

2. A method as claimed in claim 1 , wherein the thin film transistor layers of 
each transistor body also overiap an adjacent pixel electrode. 

3. A method as claimed in any' preceding claim, wherein the insulating layer 
comprises a polymer. 

4. A method as claimed in claim 3. wherein the polymer comprises a photo- 
acrylic polymer. 
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5. 



A method as claimed in any preceding claim, wherein defining the array 
of pixel electrodes and the row conductors is performed with a first, single-mask. 
process. 



6. A method as claimed in claim 5. wherein fonning transistor bodies and 



the insulating layer is performed with a second, single-mask 



process. 



7. A method as claimed in claim 6. wherein forming the column conductors 
and source and drain electrodes is performed with a third, single-mask process. 

8. A method as claimed in claim 7. wherein each single mask process uses 
a half-tone photo-mask. ^ 

9. An active matrix liquid crystal display device, comprising an active plate 
and a passive plate with liquid crystal sandwiched between; wherein the active 
plate comprises: 

an insulating substrate; 

an array of rows and columns of pixel electrodes and an array of row 
conductors, occupying different areas over the over the substrate, the pixel 
electrodes being substantially transparent and the row conductors having gate 
conductor portions; 

thin film transistor layers over the gate conductor portions to define 
transistor bodies, 

an insulating layer arranged as a plurality of columns, each insulating 
layer column overlapping the pixel electrodes of two adjacent columns of pixels- 
opaque column conductors provided on top of the insulating layer; and 
source and drain electrodes for the transistor on top of the thin film " 
transistor layers one of which is connected to a column conductor and the other 
of which is connected to an associated pixel electrode. 
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10. A device as claimed in claim 9. wherein the thin film transistor layers 
define, in addition to the transistor bodies, columns which lie beneath the 
insulating layer. 

11. A device as claimed In claims 9 or 10. wherein the insulating layer 
comprises a polymer. 

12. A device as claimed in claim 11. wherein the polymer comprises a photo- 
acrylic polymer. 
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ABSTRACT 

LIQUID CRYSTAL DISPLAYS 



An active plate for a liquid crystal display has an insulating layer (76) an-anged 
as a plurality of columns, each- insulating layer column overlapping the pixel 
electrodes (12) of two adjacent columns of pixels. An opaque conductor layer is 
formed over the substrate and patterned to define column conductors (34) on 
top of the insulating layer, and source and drain electrodes for the transistor on 
top of thin film transistor layers (66). Thus, an insulating layer (76) is defined 
beneath the column conductors (34), so that It lies between the crossing row and 
column conductors. In addlfion. the columns of insulating layer (76) overlap 
adjacent pairs of pixel electrodes (12). so that the column conductors can overlap 
the pixel electrodes, thereby Increasing the pixel aperture. The transparent pixel 
electrodes (12) are. however, the first layer to be deposited. This gives 
advantages in process simplification and con-esponding cost reduction for 
manufacture of high quality active matrix LCD (AMLCD) displays. 
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